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Description
BACKGROUND

[0001] Aninkjet printing device is an example of a fluid
ejection device that provides drop-on-demand ejection
of fluid droplets. A piezoelectric inkjet printer, for exam-
ple, uses a fluid ejection assembly with a piezoelectric
material actuator to force fluid droplets out of a nozzle
toward a print medium, such as a sheet of paper, to print
an image onto the print medium. More specifically, a pi-
ezoelectric material actuator includes a flexible piezoe-
lectric material sheet that deforms in response to an ap-
plied electric field, generating pressure pulses inside a
fluid-filled chamber to eject one or more fluid droplets.
Because piezoelectric actuators use pressure (not heat)
to force fluid droplets out of nozzles, piezo fluid ejection
assemblies can accommodate a wide selection of jetable
materials. Accordingly, piezoelectric printheads are uti-
lized widely to print on a variety of media substrates.
[0002] JP 3-104647 discloses an ink jet head compris-
ing a thin film vibrator having a positive and a negative
electrode interdigitated with each other on a surface
thereof.

[0003] JP H10-22509 (D2) discloses a sensor device
having a stress generating piezoelectric layer. Several
pairs of mutually meshed interdigital electrodes are
formed on a face of the piezoelectric layer. By applying
voltages to the electrodes sensor characteristic disper-
sion can be corrected after manufacturing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The present embodiments will now be de-
scribed, by way of example, with reference to the accom-
panying drawings, in which:

FIG. 1 shows a cross-sectional side view of a piezo-
electric fluid ejection assembly 100, according to an
embodiment;

FIG. 2 shows a side view and top down view of a
flexible piezoelectric cantilever actuator, according
to an embodiment;

FIG. 3 shows examples of multiple bending in a pi-
ezoelectric cantilever actuator, according to embod-
iments;

FIG. 4 shows a side view and top down view of a
flexible piezoelectric cantilever actuator, according
to an embodiment;

FIG. 5 shows top down views of a piezoelectric fluid
ejection assemblies with varying cantilever actuator
configurations, according non-inventive examples.
FIG. 6 shows a cross-sectional side view of a piezo-
electric fluid ejection assembly, according to a non-
inventive example;

FIG. 7 shows examples of multiple bending in a pi-
ezoelectric beam actuator, according to non-inven-
tive examples;
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FIG. 8 shows top down views of piezoelectric fluid
ejection assemblies with varying beam actuator con-
figurations, according to non-inventive examples;
FIG. 9 shows a cross-sectional side view of a piezo-
electric fluid ejection assembly having multiple actu-
ators, according to an embodiment;

FIG. 10 illustrates an example of controlling multiple
actuators in a fluid ejection assembly, according to
an embodiment;

FIG. 11 shows a cross-sectional side view of a pie-
zoelectric fluid ejection assembly having multiple ac-
tuators and a sensor, according to an embodiment;
and

FIG. 12 shows a block diagram of a basic fluid ejec-
tion device, according to an embodiment.

DETAILED DESCRIPTION

Overview

[0005] As noted above, piezoelectric fluid ejection as-
semblies eject fluid droplets through the application of
an electric field in a flexible piezoelectric material sheet.
In conventional piezoelectric fluid ejection assemblies,
the piezoelectric sheet is adhered to the underside of a
moveable membrane or diaphragm whose top side gen-
erally defines the bottom of a fluid chamber. The electric
field is induced in the piezoelectric sheet by applying a
voltage potential across electrodes in the sheet. The
electric field causes physical deformation in the sheet
and a resultant flexing of the moveable membrane into
the area of the fluid-filled chamber. Encroachment of the
moveable membrane into the chamber area generates
a pressure pulse within the fluid-filled chamber which
ejects fluid droplets through a nozzle.

[0006] A disadvantage associated with conventional
piezoelectric fluid ejection assemblies is the high cost of
fabrication. Electrodes are generally connected to the
top and bottom surfaces of the piezoelectric material
sheet, and the application of a voltage across the elec-
trodes causes physical deformation of the sheet. The lo-
cation of the electrode connections and repeated sheet-
deformation events present challenges with respect to
maintaining strong electrode connections at the top and
bottom surfaces of the sheet. Accordingly, fabrication
costs are higherin order to help maintain these electrode
connections in a robust manner.

[0007] One method of reducing the fabrication cost is
to arrange the electrodes on the same surface of the
piezoelectric material sheet in an interdigitated manner.
Having both electrodes on the same surface enables
easier electrical connections. This arrangement elimi-
nates the need for electrical vias, and thus reduces the
overall number of etching steps during fabrication. An
additional benefit to having the interdigitated electrodes
on only one side of a piezoceramic thin film sheet is that
it provides for a wider range of seed materials to be used
that align the crystalline structure during growth of the
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thin film.

[0008] A drawback to this approach, however, has
been that the interdigitated electrode configuration re-
sults in a smaller physical response in the piezoelectric
material sheet for the same voltage applied across elec-
trodes on opposing top and bottom surfaces of the sheet.
The desired fluid ejection characteristics (e.g., drop
weight, drop velocity) have been difficult to achieve using
comparable voltages across the interdigitated electrodes
because of the smaller electric field induced in the pie-
zoelectric material sheet. Accordingly, the reduced me-
chanical response has discouraged the use of such in-
terdigitated electrodes in piezoelectric fluid ejection as-
semblies.

[0009] Embodimentsofthe presentdisclosure address
this challenge, generally through the use of a piezoelec-
trically actuated cantilever or beam having multiple sets
of coplanar interdigitated electrodes to create bending of
the cantilever or beam in multiple directions, and through
the use of multiple of such cantilevers or beams per fluid
chamber in a fluid ejection assembly. The ability to bend
the actuator cantilever/beam in multiple directions allows
for minimizing the stresses in the actuator. In addition,
the ability to independently control multiple actuator can-
tilevers/beams within the fluid chamber enables a greater
ability and flexibility in controlling fluid ejection charac-
teristics, such as pressure distribution within the cham-
ber, the shape of the meniscus, the drop velocity, the
drop weight and the drop shape. The invention includes
a piezoelectric fluid ejection assembly according to claim
1 and a fluid ejection device according to claim 9.

Illustrative Embodiments

[0010] FIG. 1 shows a cross-sectional side view of a
piezoelectric fluid ejection assembly 100, according to
an embodiment of the disclosure. The assembly includes
a rigid floor 102 and a rigid top nozzle plate 104 having
a nozzle outlet 106 through which fluid droplets are eject-
ed. The assembly also includes a number of sidewalls
108A and 108B, collectively referred to as sidewalls 108.
The sidewalls 108 separate the floor 102 from the nozzle
plate 104. The rigid floor 102, the nozzle plate 104, and
the sidewalls 108 define a fluid chamber 110 to contain
fluid prior to ejection of droplets of the fluid through the
nozzle outlet 106. Sidewall 108A has a fluid inlet 112 to
receive the fluid that eventually gets ejected as droplets
through nozzle outlet 106. The placement of fluid inlet
112 is not limited to sidewall 108A. In different embodi-
ments, for example, fluid inlet 112 may be placed in other
sidewalls 108 or in the floor 102, or it may be multiple
fluid inlets placed in various sidewalls 108 or in the floor
102.

[0011] The piezoelectric fluid ejection assembly 100
also includes a flexible piezoelectric cantilever actuator
114. Actuator 114 includes a cantilever membrane 116
supported at one end by a sidewall 108A of fluid chamber
110. Adhered to one side of the cantilever membrane
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116 is a piezoceramic thin film sheet 118 (e.g., PZT -
lead zirconate titanate). Disposed on thin film sheet 118
are a plurality of electrodes 120. Electrodes120 are all
on the same side of sheet 118 and they share the same
plane with one another (i.e., the electrodes are coplanar).
In some embodiments, electrodes 120 are embedded
within thin film sheet 118. The electrodes 120 are gen-
erally shown as multiple sets of interdigitated electrodes
associated with different zones (e.g., zones 1 and 2) to
facilitate poling of the piezoceramic thin film sheet 118
and bending of the actuator 114 in multiple directions, as
discussed in greater detail below.

[0012] FIG. 2 shows aside view "A" and top down view
"B" of a flexible piezoelectric cantilever actuator, such as
actuator 114 of FIG. 1, according to an embodiment of
the disclosure. An xyz axis is shown in FIG. 2 in conjunc-
tion with the side view "A" of the piezoelectric cantilever
actuator 114. The x-axis runs from left to right and is
parallel to the length of the actuator 114, while the y-axis
runs into the plane of FIG. 1, parallel to the width of the
actuator 114. The z-axis is parallel to the height of the
actuator 114, running from bottom to top in FIG. 2.
[0013] One example layout of the coplanar electrodes
120 is shown in FIG. 2, where the electrodes 120 are
represented as a plurality of electrodes 120A, 120B and
120C. The plurality of coplanar electrodes includes afirst,
common electrode 120A thatis interdigitated with respect
to second 120B and third 120C electrodes. Each copla-
nar electrode 120 has a portion that is disposed parallel
to a side of the thin film sheet 118 and includes electrode
fingers protruding perpendicularly away from the side of
the sheet 118 toward the opposite side of the sheet 118.
The electrode fingers of each electrode 120 are inter-
leaved with electrode fingers of an opposing coplanar
electrode disposed on an opposite side of the thin film
sheet 118. More specifically, in the embodiment of FIG.
2 the electrode fingers of common electrode 120A are
interleaved in Zone 1 with the electrode fingers of elec-
trode 120B, and they are interleaved in Zone 2 with the
electrode fingers of electrode 120C.

[0014] Electrode 120A is common to both opposing
electrodes 120B and 120C. Common electrode 120A is
used alternately with electrodes 120B and 120C in a two
step poling process during the manufacture of the pie-
zoceramic thin film sheet 118. Such poling processes are
generally well-known and involve orienting randomly ori-
ented dipoles in the raw piezoelectric material into more
parallel orientations through the application of heat and
a strong electric field between electrodes. In the embod-
iment of FIG. 2, Zone 1 of the piezoelectric sheet 118 is
poled in a first step using electrodes 120A and 120B, and
Zone 2 of the piezoelectric sheet 118 is poled in asecond
step, with reversed polarity, using electrodes 120A and
120C. Thereafter, during actuation, the piezoelectric ac-
tuator 114 can be controlled through the application of
voltage across electrodes 120A, 120B and 120C to bend
in multiple directions. More specifically, the electric field
between the fingers of the interdigitated electrodes 120
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can be controlled to create expansion or contraction of
the piezoelectric sheet 118 between the electrode fin-
gers, resulting in a desired bending direction of the ac-
tuator 114. For example, in one embodiment an electric
field induced within the actuator 114 causes contraction
along the x-axis and z-axis, and expansion along the y-
axis.

[0015] FIGs. 3A and 3B show examples of multiple
bending in a piezoelectric cantilever actuator 114, ac-
cording to embodiments of the disclosure. The amount
of bending shown in the actuator 114 of FIGs. 3A and 3B
is exaggerated for the purpose of illustrating the effect of
multiple bending caused by electric fields induced in the
piezoelectric sheet 118 through voltage applied across
electrodes 120A, 120B and 120C. In the embodiment of
FIG. 3A, the Zone 1 area of the actuator 114 is controlled
to provide an upward bend in the actuator 114 as indi-
cated by the arrow pointing upward, while the Zone 2
area is controlled to provide a downward bend in the ac-
tuator 114 as indicated by the arrow pointing downward.
Although only two bending zones are illustrated in the
figures and discussed throughout this disclosure, itis not-
ed that additional bending zones are contemplated.
[0016] In FIG. 3A, itis presumed that the original po-
sition of the actuator 114 was flat, or straight, as shown
for example in FIG. 1. Thus, FIG. 3Aillustrates an exam-
ple of the actuator 114 bending in two directions during
actuation (upward in Zone 1, and downward in Zone 2).
Upon actuation (i.e., application of voltage across elec-
trodes 120A, 120B and 120C to induce electric field), the
bending actuator 114 creates pressure pulses that force
fluid droplets from the chamber 110 and out through the
nozzle outlet 106. The gaps 500 (see FIG. 5) around the
edges of the cantilever actuator 114 (i.e., between the
sidewalls 108 and the actuator) serve as refill pathways
within the chamber 110 to refill the fluid in the chamber
110 through the inlet 112. As the actuator 114 returns to
its original position (i.e., flat, as in FIG. 1), fluid flows
through the gaps around the actuator to refill the fluid
ejected by the actuator.

[0017] InFIG.3B, another example of multiple bending
is shown, wherein the original position of the actuator
114 is a bent position. That is, prior to ejecting fluid from
chamber 110, the actuator 114 is bent in a pre-ejection
position in preparation for ejecting fluid. In the example
shown, the Zone 1 area of the actuator 114 is controlled
to provide a downward bend in the actuator 114 as indi-
cated by the arrow pointing downward, while the Zone 2
area is controlled to provide an upward bend in the ac-
tuator 114 as indicated by the arrow pointing upward.
Such a starting position for the actuator 114 can preload
the actuator and increase the overall fluid displacement
during a jetting event, such as where the actuator 114
progresses from an original starting position as shown in
FIG. 3B to a position as shown in FIG. 3A.

[0018] FIG. 4 shows a side view "A" and top down view
"B" of a flexible piezoelectric cantilever actuator, such as
actuator 114 of FIG. 1, according to an embodiment of
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the disclosure. In the example layout of coplanar elec-
trodes 120 in FIG. 4, the electrodes 120 are a plurality
of electrodes 120A, 120B, 120C and 120D that make up
multiple electrode pairs disposed on the piezoelectric thin
film sheet 118. Each coplanar electrode 120 has a portion
that is disposed parallel to a side of the thin film sheet
118 and includes electrode fingers protruding perpendic-
ularly away from the side of the sheet 118 toward the
opposite side of the sheet 118. Each electrode pair has
afirst electrode and a second electrode disposed on op-
posite sides of the thin film sheet 118. Specifically, in the
FIG. 4 embodiment, electrodes 120A and 120B form an
electrode pair associated with Zone 1, and they are dis-
posed opposite one another on thin film sheet 118 with
their electrode fingers interleaved. Likewise, electrodes
120C and 120D form an electrode pair associated with
Zone 2, and they are disposed opposite one another on
thin film sheet 118 with their electrode fingers interleaved.
Although only two electrode pairs are shown, additional
electrode pairs are possible. Each of the electrodes 120
in the FIG. 4 embodiment is independent and can be
independently controlled. Therefore, during fabrication
the poling process can be performed in a single step to
pole Zone 1 and Zone 2 differently (e.g., in reverse po-
larity), using electrode pair 120A and 120B for Zone 1,
and using electrode pair 120C and 120D for Zone 2. In
addition, during actuation, the application of voltage
across electrode pairs in the different Zones can be in-
dependently controlled to create bending of the actuator
114 in multiple and varying directions.

[0019] FIG. 5 (FIGs. 5A-5F) shows top down views of
piezoelectric fluid ejection assemblies 100 with varying
cantilever actuator configurations, according to non-in-
ventive examples. In the top down view, the nozzle plate
104 is not shown in order to better illustrate the various
cantilever actuator configurations within the chamber
110. In addition, the gaps 500 mentioned previously be-
tween the actuators 114 and sidewalls 108 of the cham-
ber 110 (and the gaps 500 between multiple actuators),
are more readily apparent in FIG. 5. The gaps 500 act
as refill pathways to refill the chamber with fluid. As the
actuator 114 returns to its original position after actuation,
fluid flows through the gaps around the actuator to refill
the fluid ejected by the actuator.

[0020] One potential limitation of using a cantilever ac-
tuator in a piezoelectric fluid ejection assembly 100 is
that the stiffness of the actuator may not be great enough
to enable the actuator to return back to its original shape
after actuation. That is, when the electric field is applied
to expand or contract the piezoelectric sheet 118 and
cause the actuator 114 to bend, the stiffness of the ac-
tuator membrane 116 may not be great enough to snap
the actuator 114 back into its original shape once the
electric field is removed or reversed. Accordingly, the ex-
amples with non-inventive electrode configurations
shown in FIG. 5 provide examples of how the stiffness
of the cantilever actuator 114 can be tuned to overcome
this potential limitation. More specifically, the stiffness of
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the cantilever actuator 114 can be tuned during fabrica-
tion by adjusting the aspect ratio (i.e., length to width
ratio) of the actuator. In conjunction with tuning the stiff-
ness of the cantilever actuators, multiple actuators can
also be employed within a fluid ejection assembly 100
as the aspect ratio of the cantilever actuator is reduced.
Furthermore, the configuration of cantilever actuators
114 can be adjusted to tune the uniformity and rate of
fluid refill into the chamber 110 through gaps 500 after
fluid ejection.

[0021] For example, beginning with FIG. 5A, the fluid
ejection assembly 100 includes a single cantilever actu-
ator 114 connected at a sidewall 108 and extending into
chamber 110 along the long dimension of the chamber.
It is apparent that the aspect ratio of the actuator 114 in
FIG. 5A is higher than the aspect ratios of actuators in
FIGs. 5B-5E, because the actuator’s length is significant-
ly greater than its width. Thus, the stiffness of the actuator
114 in FIG. 5A is lower and there exists a greater possi-
bility that the actuator may not return back to its original
shape after actuation. By comparison, the fluid ejection
assembly 100 of FIG. 5B includes two cantilever actua-
tors 114 connected at opposite sidewalls 108 and ex-
tending into chamber 110 along the long dimension of
the chamber. The actuators in FIG. 5B are approximately
half the length as the actuator in FIG. 5A, while having
the same width. Therefore, the aspectratiois significantly
lower and the actuators in FIG. 5B are more stiff and
better able to return to their original shapes after actua-
tion. In another configuration, FIG. 5C illustrates a fluid
ejection assembly 100 having an actuator 114 whose
width is connected to, and extends along, the long di-
mension of the chamber 110, and whose length extends
into the shorter dimension of the chamber 110. There-
fore, the aspect ratio (i.e., length to width ratio) is signif-
icantly reduced, and the actuator 114 has a high stiffness.
FIGs. 5D, 5E and 5F, illustrate additional examples of
fluid ejection assemblies 100 having actuators 114 with
differently tuned aspect ratios and different configura-
tions with respect to the number of actuators, the sidewall
attachment locations of the actuators, and actuators op-
posing one another within the fluid ejection assembly
100. As those skilled in the art will recognize, still further
example configurations are possible and contemplated
herein.

[0022] Another way (not forming part of the invention)
to increase the stiffness of the actuator is to use a beam
configuration, where the actuator is fixed or connected
at both ends to opposing sidewalls of the chamber in the
fluid ejection assembly. In this regard, FIG. 6 shows a
cross-sectional side view of a piezoelectric fluid ejection
assembly 100, according to an embodiment of the dis-
closure. The assembly 100 is configured substantially
the same as the assembly 100 described with respect to
FIG. 1. However, in the non-inventive example of FIG.
6, assembly 100 includes a flexible piezoelectric beam
actuator 600 fixed at both ends to opposing side walls
108 of the assembly 100.
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[0023] The piezoelectric beam actuator 600 includes
a beam membrane 602 supported at both ends by op-
posing sidewalls 108A and 108B of fluid chamber 110.
Adhered to one side of the beam membrane 602 is a
piezoceramic thin film sheet 604 (e.g., PZT - Lead zirco-
nate titanate). The thin film sheet 604 includes a plurality
of coplanar, interdigitated electrodes 606 disposed on
the sheet and configured in substantially the same man-
ner as electrodes 120 discussed above with respect to
the cantilever actuator 114. As such, a number of Zones
(not shown) across the actuator 600 may be configured
to provide bending in multiple directions through the ap-
plication of voltage across coplanar, interdigitated elec-
trodes within those zones.

[0024] FIG. 7 (FIGs. 7A and 7B) shows an example of
multiple bending in a piezoelectric beam actuator 600,
according to an non-inventive example. The amount of
bending shown in the actuators 600 of FIGs. 7A and 7B
is exaggerated for the purpose of illustrating the effect of
multiple bending caused by electric fields induced in the
piezoelectric sheet 604 through voltage applied across
electrodes 606. In the embodiments of FIG. 7, different
Zones (not shown) of the beam actuator 600 are control-
led to provide bending of the beam in multiple directions
(e.g., upward and downward). The movement of the
beam actuator 600 creates pressure pulses which force
fluid droplets out of the chamber 110 through nozzle out-
let 106. As shown in FIG. 8, gaps 500 on either side of
the beam actuator 600 between the actuator 600 and the
chamber sidewalls 108 110 (and the gaps 500 between
multiple beam actuators 600) serve as refill pathways
within the chamber 110 to refill the fluid in the chamber
through the inlet 112. After actuation, as the beam actu-
ator 600 returns to its original position, fluid flows through
the gaps around the actuator to refill the fluid ejected by
the actuator.

[0025] Inamanner similartothatdiscussed above with
regard to the cantilever actuator 114, FIG. 7B shows an
example of multiple bending in a piezoelectric beam ac-
tuator 600 where the original position of the beam actu-
ator 600 is a bent position, rather than a straight position
asshowninFIG.6. Thus, prior to ejecting fluid from cham-
ber 110, the beam actuator 600 is bent in a pre-ejection
position in preparation for ejecting fluid. Such a starting
position for the beam actuator 600 can preload the actu-
ator and increase the overall fluid displacement during a
jetting event, such as where the actuator 600 progresses
from an original starting position as shown in FIG. 7B to
a position as shown in FIG. 7A.

[0026] FIG. 8 (FIGs. 8A-D) shows top down views of
piezoelectric fluid ejection assemblies 100 with varying
beam actuator configurations. In the top down view, the
nozzle plate 104 is not shown in order to better illustrate
the various beam actuator 600 configurations within the
chamber 110. As with the cantilever actuator 114, the
aspect ratio of the beam actuator 600 can be tuned to
control the actuator stiffness. As the aspect ratio of the
beam actuator 600 is changed, various configurations of
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beam actuators 600 within a piezoelectric fluid ejection
assembly 100 are possible. Furthermore, the configura-
tion of beam actuators 600 can be adjusted to tune the
uniformity and rate of fluid refill into the chamber 110
through gaps 500 after fluid ejection.

[0027] In FIG. 8A the fluid ejection assembly 100 in-
cludes a single beam actuator 600 extended across the
entire long dimension of the chamber 110 and connected
at both ends to opposing sidewalls 108. The stiffness of
the beam actuator 600 in FIG. 8A is lower than in the
actuators of FIGs. 8B-8D, because the aspect ratio (i.e.,
length to width ratio) of the actuator 600 in FIG. 8A is
higher than the actuators in FIGs. 8B-8D. In FIG. 8B, for
example, the beam actuator 600 is connected lengthwise
across the shorter dimension of the chamber 110 to op-
posing sidewalls 108, and the width of the beam actuator
600 extends mostly along the long dimension of the
chamber 110. Thus, the actuator in FIG. 8B has a lower
aspect ratio and higher stiffness. FIGs. 8C and 8D illus-
trate additional example configurations of beam actua-
tors 600 with different aspect ratios. As illustrated, an
increasing number of beam actuators 600 disposed in a
parallel manner within the chamber 110 is possible as
the aspect ratio of the beams decreases.

[0028] FIG. 9 shows a cross-sectional side view of a
piezoelectric fluid ejection assembly 100 having multiple
actuators, according to an embodiment of the disclosure.
The actuators are cantilever actuators 114. The FIG. 9
view of assembly 100 is oriented perpendicular relative
to the view of the similar assembly shown in FIG. 1. Thus,
the lengths of the actuators run into the page away from
the viewer and out of the page toward the viewer, and
the locations where the actuators connect to the chamber
sidewalls 108 cannot be seen. The actuators are gener-
ally configured as previously described, withamembrane
116/602 having a piezoceramic thin film sheet 118/604
adhered to one side, and multiple sets of coplanar inter-
digitated electrodes disposed on the thin film sheet
118/604.

[0029] FIG. 10 illustrates an example of controlling
multiple actuators in a fluid ejection assembly 100, ac-
cording to an embodiment of the disclosure. The ability
to independently manipulate multiple actuators in the flu-
id chamber 110 enables control over various fluid char-
acteristics such as the pressure distribution, fluid drop
velocity, fluid drop shape, fluid drop weight, and the
shape of the meniscus at the nozzle outlet 106. The lo-
cation of the nozzle outlet 106 can also be varied to fa-
cilitate desired fluid characteristics in conjunction with
the actuator configuration in the chamber 110. As shown
in FIG. 10, there are three actuators that can each be
controlled independently. The actuators can be control-
led to bend oractuate in a certain sequence, forexample.
In the sequence shown in FIG. 10, at step 1 the actuator
farthest from the nozzle outlet is activated first, as indi-
cated by the upward arrow. Next, at step 2, the actuator
next closest to the nozzle outlet is activated. Then at step
3, the actuator closest to the nozzle outlet is activated.
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Activating the actuators in this manner can manipulate
the fluid pressure in the chamber 110 such that fluid pres-
sure increases from left to right toward the nozzle outlet
to concentrate energy more efficiently and achieve great-
er pressure through the nozzle outlet. At step 4, the ac-
tuator farthest from the nozzle outlet is then relaxed and
returned to its original shape. Such actuator control can
manipulate the fluid waveform in the chamber in a push-
pull manner which can help control, for example, the
shape of the ejected fluid droplet (e.g., the drop tail) and
the fluid meniscus.

[0030] Although one example sequence of controlling
multiple actuators has been described, it should be clear
that many other methods of controlling multiple actuators
in a fluid ejection assembly 100 are possible. For exam-
ple, more than one actuator can be activated or deacti-
vated (i.e., relaxed) at one time, or all actuators can be
activated or deactivated at one time.

[0031] FIG. 11 shows a cross-sectional side view of a
piezoelectric fluid ejection assembly 100 having multiple
actuators and a sensor 1100, according to an embodi-
ment of the disclosure. The actuators and sensor 1100
can be cantilevers or beams. The sensor 1100 is gener-
ally configured as previously described regarding the
cantilever and beam actuators, with a membrane having
a piezoceramic thin film sheet adhered to one side, and
coplanar interdigitated electrodes disposed on the thin
film sheet. The sensor 1100 provides feedback about
general fluid conditions in the chamber 110, such as fluid
movement and changing pressure, and the timing of such
conditions with respect to actuation of one or more actu-
ators in the chamber 110. Changing fluid conditions
cause bending in the sensor which causes current flow
through the electrodes. The amount and timing of current
flowing through the sensor electrodes provides informa-
tion about the amount and timing of the bending of the
sensor which in turn provides information about the fluid
conditions.

[0032] FIG. 12 shows a block diagram of a basic fluid
ejection device, according to an embodiment of the dis-
closure. The fluid ejection device 1200 includes an elec-
tronic controller 1202 and a piezoelectric fluid ejection
assembly 100. Electronic controller 1202 typically in-
cludes a processor, firmware, and other electronics for
communicating with and controlling assembly 100 to
eject fluid droplets in a precise manner.

[0033] In one embodiment, fluid ejection device 1200
may be an inkjet printing device. As such, fluid ejection
device 1200 may also include a fluid/ink supply and as-
sembly 1204 to supply fluid to fluid ejection assembly
100, a media transport assembly 1206 to provide media
for receiving patterns of ejected fluid droplets, and a pow-
er supply 1208. In general, electronic controller 1202 re-
ceives data from a host system, such as a computer. The
data represents, for example, a document and/or file to
be printed and forms a print job that includes one or more
print job commands and/or command parameters. From
the data, electronic controller 1202 defines a pattern of
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drops to eject which form characters, symbols, and/or
other graphics or images.

Claims

1.

A piezoelectric fluid ejection assembly, comprising:

a fluid chamber (110) having a bottom, a top,
and sidewalls (108A, 108B);

anozzle plate (104) defining the top of the cham-
ber (110) and having a nozzle outlet (106);

a cantilever membrane (116, 602) supported by
a sidewall (108A) of the chamber (110) and hav-
ing an adhered piezoceramic thin film sheet
(118, 604) to bend the membrane (116, 602) in
multiple directions in response to an electric field
induced within the thin film sheet (118, 604) by
application of a voltage across interdigitated fin-
gers of coplanar electrodes (120, 120A, 120B,
120C, 120D, 606) disposed on the thin film sheet
(118, 604), the coplanar electrodes forming mul-
tiple sets of coplanar interdigitated electrodes
associated with different zones of the actuator,
the bending of the membrane (116, 602) to
cause ejection of a fluid droplet through the noz-
zle outlet (106).

The piezoelectric fluid ejection assembly of claim 1,
comprising multiple parallel cantilever membranes,
each membrane capable of independent actuation
to manipulate fluid pressure within the fluid chamber
(110).

The piezoelectric fluid ejection assembly of claim 1,
comprising multiple cantilever membranes, each
membrane supported by either one of two opposing
sidewalls (108A, 108B) of the fluid chamber (110)
and each membrane capable of independent actu-
ation to manipulate fluid pressure within the fluid
chamber.

The piezoelectric fluid ejection assembly of claim 1,
wherein the membrane has an original, pre-ejection
position that includes multiple bends.

The piezoelectric fluid ejection assembly of claim 1,
wherein the membrane (602) comprises a beam
membrane supported at two ends by opposing side-
walls of the fluid chamber (110).

The piezoelectric fluid ejection assembly of claim 1,
wherein the membrane (602) comprises multiple
beam membranes parallel to one another, each
membrane capable of independent actuation to ma-
nipulate fluid pressure within the fluid chamber (110).

The piezoelectric fluid ejection assembly of claim 1,
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comprising gaps (500) on either side of the mem-
brane (602) to permit fluid to flow around the mem-
brane from an inlet (112) at the bottom toward the
nozzle outlet (106) at the top.

The piezoelectric fluid ejection assembly of claim 1,
comprising multiple cantilever membranes (116,
602), wherein one of the membranes (116, 602) is
asensormembrane, the piezoceramic thin film sheet
of the sensor membrane to generate an electric field
in response to bending of the sensor membrane
caused by changing fluid conditions within the fluid
chamber (110).

A fluid ejection device comprising: a fluid ejection
assembly (1200) according to claim 1 and an elec-
tronic controller (1202) to control fluid ejection from
said fluid ejection assembly (1200).

Patentanspriiche

Piezoelektrische Fluidausstolanordnung, Folgen-
des umfassend:

eine Fluidkammer (110) mit einer Unterseite, ei-
ner Oberseite und Seitenwanden (108A, 108B);
eine Dusenplatte (104), die die Oberseite der
Kammer (110) definiert und einen Disenaus-
lass (106) aufweist;

eine Auslegermembran (116, 602), die auf einer
Seitenwand (108A) der Kammer (110) gelagert
ist und eine angehaftete piezokeramische
Dunnfilmschicht (118, 604) aufweist, um als Re-
aktion auf ein elektrisches Feld, das durch An-
legen einer Spannung Uber ineinander greifen-
de Finger von koplanaren Elektroden (120,
120A, 120B, 120C, 120D, 606), die auf der
Dunnfilmschicht (118, 604) angeordnet sind, in
der Diunnfilmschicht (118, 604) induziert wird,
die Membran (116, 602) in mehrere Richtungen
zu biegen, wobei die koplanaren Elektroden
mehrere Satze von koplanaren ineinander grei-
fenden Elektroden ausbilden, die verschiede-
nen Zonen des Aktuators zugeordnet sind, wo-
beidas Biegen der Membran (116, 602) ein Aus-
stolRen eines Fluidtrépfchens durch den Disen-
auslass (106) bewirkt.

Piezoelektrische FluidausstoRanordnung nach An-
spruch 1, mehrere parallele Auslegermembranen
umfassend, wobei jede Membran zur unabhangigen
Betéatigung in der Lage ist, um Fluiddruck in der Flu-
idkammer (110) zu beeinflussen.

Piezoelektrische FluidausstoRanordnung nach An-
spruch 1, mehrere Auslegermembranen umfas-
send, wobei jede Membran auf einer von zwei ein-
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ander gegeniberliegenden Seitenwanden (108A,
108B) der Fluidkammer (110) gelagert ist und jede
Membran zur unabhangigen Betatigung in der Lage
ist, um Fluiddruck in der Fluidkammer zu beeinflus-
sen.

Piezoelektrische FluidausstolRanordnung nach An-
spruch 1, wobei die Membran eine Ursprungsstel-
lung vor dem Ausstol} aufweist, die mehrere Biegun-
gen enthalt.

Piezoelektrische FluidausstoRanordnung nach An-
spruch 1, wobei die Membran (602) eine Strahimem-
bran umfasst, die an zwei Enden auf einander ge-
geniberliegenden Seitenwanden der Fluidkammer
(110) gelagert ist.

Piezoelektrische FluidausstoRanordnung nach An-
spruch 1, wobei die Membran (602) mehrere Strahl-
membranen umfasst, die zueinander parallel sind,
wobei jede Membran zur unabhangigen Betatigung
in der Lage ist, um Fluiddruck in der Fluidkammer
(110) zu beeinflussen.

Piezoelektrische FluidausstoRanordnung nach An-
spruch 1, Liicken (500) auf jeder Seite der Membran
(602) umfassend, um zu ermdglichen, dass Fluid von
einem Einlass (112) an der Unterseite hin zum Du-
senauslass (106) an der Oberseite um die Membran
herum stromt.

Piezoelektrische FluidausstoRanordnung nach An-
spruch 1, mehrere Auslegermembranen (116, 602)
umfassend, wobei eine der Membranen (116, 602)
eine Sensormembran ist, wobei die piezokerami-
sche Dinnfilmschicht der Sensormembran dazu
dient, als Reaktion auf ein Biegen der Sensormem-
bran, das durch sich verandernde Fluidbedingungen
in der Fluidkammer (110) verursacht wird, ein elek-
trisches Feld zu erzeugen.

FluidausstoRvorrichtung, Folgendes umfassend:
eine FluidausstoRanordnung (1200) nach Anspruch
1 und eine elektronische Steuereinheit (1202) zum
Steuern von Fluidaussto aus der Fluidausstof3an-
ordnung (1200).

Revendications

Ensemble d’éjection de fluide piézoélectrique,
comprenant :

une chambre de fluide (110) ayant une partie
inférieure, une partie supérieure et des parois
latérales (108A, 108B) ;

une plaque de buse (104) définissant la partie
supérieure de la chambre (110) et ayant une
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sortie de buse (106) ;

une membrane en porte-a-faux (116, 602) sup-
portée par une paroi latérale (108A) de la cham-
bre (110) et ayant une feuille de film mince pié-
zocéramique collée (118, 604) pour plier la
membrane (116, 602) dans de multiples direc-
tions en réponse a un champ électrique induit a
I'intérieur de la feuille de film mince (118, 604)
par l'application d’'une tension a travers des
doigts interdigités d’électrodes coplanaires
(120, 120A, 120B, 120C, 120D, 606) disposés
sur la feuille de film mince (118, 604), les élec-
trodes coplanaires formant de multiples ensem-
bles d’électrodes interdigitées coplanaires as-
sociées a différentes zones de I'actionneur, le
pliage de la membrane (116, 602) provoquant
I’éjection d’'une gouttelette de fluide a travers la
sortie de la buse (106).

Ensemble d’éjection de fluide piézoélectrique selon
la revendication 1, comprenant de multiples mem-
branes en porte-a-faux paralléles, chaque membra-
ne étant capable d'un actionnement indépendant
pour manipuler la pression de fluide a l'intérieur de
la chambre de fluide (110).

Ensemble d’éjection de fluide piézoélectrique selon
la revendication 1, comprenant de multiples mem-
branes en porte-a-faux, chaque membrane étant
supportée par I'une des deux parois latérales oppo-
sées (108A, 108B) de la chambre de fluide (110) et
chaque membrane étant capable d’un actionnement
indépendant pour manipuler la pression de fluide
dans la chambre de fluide.

Ensemble d’éjection de fluide piézoélectrique selon
la revendication 1, la membrane ayant une position
de pré-éjection initiale qui comprend de multiples
plis.

Ensemble d’éjection de fluide piézoélectrique selon
la revendication 1, la membrane (602) comprenant
une membrane a faisceaux supportée au niveau de
deux extrémités par des parois latérales opposées
de la chambre de fluide (110).

Ensemble d’éjection de fluide piézoélectrique selon
la revendication 1, la membrane (602) comprenant
des membranes a faisceaux multiples paralléles en-
tre elles, chaque membrane étant capable d’un ac-
tionnement indépendant pour manipuler la pression
de fluide a l'intérieur de la chambre de fluide (110).

Ensemble d’éjection de fluide piézoélectrique selon
la revendication 1, comprenant des espaces (500)
de chaque cété de la membrane (602) pour permet-
tre au fluide de s’écouler autour de la membrane
depuis une entrée (112) au niveau de la partie infé-
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rieure vers la sortie de buse (106) au niveau de la
partie supérieure.

Ensemble d’éjection de fluide piézoélectrique selon
la revendication 1, comprenant de multiples mem-
branes en porte-a-faux (116, 602), une des mem-
branes (116, 602) étant une membrane de capteur,
la feuille de film mince piézocéramique de la mem-
brane de capteur servant a générer un champ élec-
triqgue en réponse au pliage de la membrane de cap-
teur provoqué par le changement de conditions de
fluide a l'intérieur de la chambre de fluide (110).

Dispositif d’éjection de fluide comprenant :

un ensemble d’'éjection de fluide (1200) selon la re-
vendication 1 et un contréleur électronique (1202)
pour commander I'éjection de fluide a partir dudit
ensemble d’'éjection de fluide (1200).
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